Introduction
Pseudomonas aeruginosa is an important opportunistic pathogen. The bacteria can cause many problems in health care facilities, especially nosocomial infections. In recent years, P. aeruginosa showed multidrug resistance against routine antibiotics (1) (2) (3) (4) . Due to the role of the resistance and its ability in environmental adaptation, P. aeruginosa is widely distributed in hospitals (5) . This problem is very acute in burn wards of hospitals (1) (2) (3) (4) . The prevention methods can be the best solution against P. aeruginosa infections (6) . In other studies, many antigens such as outer membrane proteins (Omps), lipopolysaccharide, toxins, pili, and flagella are considered as targets for vaccine design (7) (8) . In recent years, outer membrane protein F (OprF) is known as one of the main factors in the immunity against P. aeruginosa infections (7) . OprF has a special role in P. aeruginosa and binds the peptidoglycan to outer membrane. Removing OprF causes reshuffling of the outer membrane structure and morphology of organism (9) . Homology modeling of OprF in P. aeruginosa shows that this protein has conserved and hydrophilic areas located outside the β-barrel area (9) (10) (11) . To the authors` best knowledge; there is no 
Material and methods

Available sequences and search in data bases
OprF was searched in protein databank of NCBI (www.ncbi.nlm.gov) to obtain all of its recorded sequences. This search was limited to P. aeruginosa, and the full-length sequences were selected among reference and clinical strains. All amino acid sequences of OprF were retrieved and saved in FASTA format.
Alignments
To perform a more precise analysis on sequence similarity, alignment was run on the selected sequences (from previous step) by PRALINE (16) at http://www.ibi.vu.nl/programs/praline. This server can align up to 500 sequences each constituent 5000 amino acid.
Results built by this server could be represented by four important characteristics of amino acids in the protein sequence:
a. Amino acid conservation b. Secondary structure c. Hydrophobicity d. Residue colour scheme e. Another software with high accuracy for sequence alignment (T-COFFEE) was also employed (17) .
Primary analysis of sequences
Some physicochemical properties of proteins play an important role in the antigenicity, epitope, and B-cells stimulation. One of these properties is the charge of protein; ie, acidity or alkalinity. Properties such as molecular weight, isoelectric pH (PI), amino acid composition of the proteins, the number of positively and negatively charged amino acids, half-life of proteins, and protein instability indices were calculated by Protparam at http://web.expasy.org/protparam/ OprF sequence using Acc. No. NP_250468.1 in P. aeruginosa PAO1 (13) (14) (15) .
Antigenicity prediction
The protein antigenicity was examined by VaxiJen (18) at http://www.ddgpharmfac.net/vaxijen/VaxiJen/VaxiJen.html. Results above the threshold of 0.4 were proposed as antigen. This server can use the physicochemical properties to determine the antigenicity of a protein.
Results
The current study investigated the extent of OprF conservation in clinical and environmental P. aeruginosa isolates. The amino acid sequences of OprF in 150 strains were studied:
Reference strains included 10 strains listed in Table 1 . Reference sequences (RefSeq) represent genomic, transcription, and protein sequences of microorganisms that determine its bibliographic information and features. These reference sequences were collected at NCBI from the database and archived in International Nucleotide Sequence Database Collaboration (INSDC) (19 These results show that the samples were recorded from 2006 to 2014; and most of them were related to the USA.
Information about the environmental isolates of
Pseudomonas aeruginosa is shown in Table 3 . The alignment results revealed that the amino acid sequences of the OprF were fully conserved in all of the 150 strains (data not shown). Analysis of physicochemical properties of OprF by ProtParam software showed that the sequence of mature OprF possessed 326 amino acids (Fig. 1) with a molecular weight of 35250.6 Dalton and an isoelectric pH (PI) of 4.86. The total number of negatively (Asp + Glu) and positively charged amino acids (Arg + Lys) in the protein were calculated as 47 and 32, respectively. Its molecular formula and total atoms were C1528H2356N436O508S9 and 4837, respectively. The instability index (II) of protein was 28.13. Proteins with instability index smaller than 40 were predicted as stable. Grand average of hydropathicity (GRAVY) was -0.443. The antigenic probability of OprF was estimated 0.8010 by VaxiJen. 
Table3. Information about the Environmental Strains of Pseudomonas aeruginosa
Year of
Discussion
OprF is one of the main outer membrane proteins in P. aeruginosa that plays an important role in quorum sensing and biofilm formation. Moreover, the porin function is observed in facilitated diffusion. The most important role of this protein is to connect peptidoglycan to outer membrane, which is very important in cell morphology. Moreover, OprF binding to gamma interferon causes infection distribution (5) . The physicochemical analysis showed that OprF is a stable protein. The instability index provides an estimate of the stability of the protein in a test tube. Statistical analysis of 12 unstable and 32 stable proteins revealed that there are certain dipeptides with significantly different occurrence in the unstable proteins compared with those of the stable ones (20) .
It is shown that binding of the antibody to the protein causes deformation of bacteria and it is the loss of biological actions and also block binding of interferon-gamma to the cell (5, 8) . The GRAVY value for a peptide or protein is the sum of hydropathy values of all the amino acids (21).
The higher negative number of GRAVY of the epitope is more suitable for reacting with antibody. Also, antigen probability estimated by VaxiJen showed that this protein was highly antigenic. Consequently, the protein was considered as a good candidate for vaccine, and production of such a vaccine is in preclinical phase (22). After years of study on the lipopolysaccharide (LPS) vaccine adjuvant, the use of such vaccines failed due to existence of different serotypes of Oantigens (4). Therefore, the main question of the current study was that whether or not such a problem would happen to OprF vaccine. Sequence similarity search was done to reach a conserved region in the sequence. This area should be conserved in all or a vast majority of pathogenic strains.
The results of the current study revealed that the protein sequences of OprF in 134 clinical strains were highly conserved. Recently, the analysis of the anti-P. aeruginosa systemic and lung mucosal immunity elicited by a non-human primate-based Ad serotype C7 vector expressing OprF (AdC7OprF) of P. aeruginosa showed that direct administration of AdC7OprF to the respiratory tract resulted in an increase of OprFspecific IgG in serum, OprF-specific IgG and IgA in lung epithelial lining fluid (ELF), and OprFspecific INF-γ in lung T-cells compared to immunization with Ad5OprF, and survival following the challenge with a lethal dose of P. aeruginosa (23) . In a study by Worgall et al. (24) , employment of a 14-amino acid epitope of P. aeruginosa OprF (Epi8) resulted in boosting of the anti-OprF humoral and anti-Epi8 cellular responses.
Recombinant OprF/I vaccine inhibit P. aeruginosa binding to IFN-gamma, suggesting a mechanism by which the OprF/I vaccine confers protection against P. aeruginosa infection (9).
This evidence suggested that employment of an OprF vaccine may be effective in prevention of P. aeruginosa infections, worldwide.
